In this paper, we describe an animated pedagogical agent that assists the interaction among students in a virtual class within a collaborative communication tool, either on-line or not, motivating them, correcting wrong ideas and providing new information. This guiding agent, which we call Collaboration Agent, will consider not only the cognitive capabilities of students, but also social and affective ones; this becomes a more qualitative mechanism for collaboration among students and learning. The considered agent is being modelled as part of the multi-agent architecture of the project "A Computational Model of Distance Learning Based on Socio-Cultural Pedagogical Approaches" (Andrade et al, 2001 ).
INTRODUCTION
With the popularisation of computer nets and all technological capability they offer, we can observe the fast development of computer supported collaborative learning systems (CSCL). For students to feel involved in their study, they must interact with other students attending the course. As a classroom, students must work in groups, exchange ideas and help each other.
To support the interaction among students, collaborative systems provide tools that facilitate the online interaction, such as chat, bulletin board and discussion lists. These software are good mechanisms of conversation among students, but they do not provide any guidance or direction for the student during or after the dialogue sessions (Soller, 2001) .
In this paper, we focus on the construction of an animated pedagogical agent that assists the interactions among students in a collaborative tool, either on-line or not, motivating them, correcting wrong concepts and providing new knowledge. This guiding agent, that we call Collaboration Agent, will consider not only the cognitive capabilities of students, but also social and affective ones, which becomes a more qualitative mechanism for collaboration among students and learning.
The agent considered in this work, called Collaboration Agent, is being modelled as part of the multi-agent architecture of the project "A Computational Model of Distance Learning Based on Socio-Cultural Pedagogical Approaches" Piaget (1976 Piaget ( , 1978 Piaget ( , 1979 Piaget ( , 1983 , Freire (1980 Freire ( , 1995 Freire ( , 1996 , Lévy (1999) , Morin (1990) and Vygotsky (1998) . This project was first presented in (Andrade et al., 2001 ).
In the next section we describe the conceptual background of this research: Computer Supported Collaborative Learning, the Socio-Cultural Pedagogical Approaches, and Pedagogical Agents. In the Section 3, we describe the proposed system and the agents that are part of it. In Section 4, we describe the system working as a guiding tool in collaborative activities, the focus of this paper. Finally, in Section 5, we present some conclusions and future work.
CONCEPTUAL BACKGROUND
The work presented in this paper is interdisciplinary and comprehends some research areas such as: Computer Supported Collaborative Learning and Distance Education, Socio-Cultural Pedagogical Approaches, and Pedagogical Agents. In this section, we present the background theories which are necessary to understand the work presented in this paper.
Computer Supported Collaborative Learning
The development of high performance computing and of information technologies (such as e-mail, www, bulletin boards and chat) has made possible a model of "distance teaching" and not of "distance learning". It is beyond doubt that teaching at distance has brought several benefits, facilitating the access to information, the individualised study and the gathering of data. However, its presuppositions are still focused on classical paradigms of instruction. What actually happens is that teaching has been interpreted as synonym for learning, which actually it is not. Teaching focuses on the transmission of knowledge, from the teacher through the didactic materials and distributed knowledge bases. Teaching does not focus on the student, or the social group.
It is necessary to change this model of instructional training for a social model and collaborative learning. Clearly there is no teaching without learning, but it is necessary to look for a new approach, to establish new strategies, providing shared understanding and the distributed solution of problems. The role of technology will be essential for these changes. However, our purpose has been not just to use the technology to inform the individuals, but above all to form them in a permanent way and at distance.
In this sense, the technologies of distributed artificial intelligence (in particular multi-agent systems), virtual reality, multimedia systems and the Web can constitute excellent allies in the construction of a learning model that favours social interaction among individuals, allowing for the formation of groups or virtual communities of learners.
In terms of research in collaborative learning, Pierre Dillenbourg (Dillenbourg, 1994) analyses various conceptions of learning that can give foundation for a computational model: the constructivist approach, which focuses on the individual in the context of social interaction, the socio-cultural approach, which focalises the relationship between the individuals, and the shared cognition approach, which focalises the environment (which includes a physical context as well as a social one). Grounded on these conceptions, and aiming for a computational model of social learning, this paper proposes an approach of multi-agent systems based on the socio-cultural perspective proposed by Piaget (1976 Piaget ( , 1978 Piaget ( , 1979 Piaget ( , 1983 , Paulo Freire (1980 , 1995 , 1996 , Pierre Lévy (1999), Morin (1990) e Vygotsky (1998) .
The Socio-Cultural Approaches
Currently, one of the greatest challenges of research in artificial intelligence applied to Education is the creation of a framework or adequate model of collaborative learning that privileges the collective. In order to construct such a model, not only computational tools are necessary; we also need suitable architectures and adequate learning theories, strategies, and tactics. We base our studies on theories that privilege the social level, so that the proposed computational framework is in accordance to an accepted pedagogical model. Some social-interactionists theoreticians will serve as inspiration for this research. Piaget (1976 , 1978 , 1979 , 1983 ) Freire (1980 , 1995 , 1996 , Lévy (1999), Morin (1990) , Vygotsky (1998) , and others supply a theoretical support to this model, because they consider the interaction as a bi-directional process and a joint action among the participants.
The choice of Vygotsky as the main reference of this work was made because of the emphasis that he gives to the process of mediation and to the interaction among students, a basic requirement in collaborative learning. One of the most important concepts in Vygotsky's theory is that mental activities are based on social relationships between the individual and the environment in a historical process and that this relationship is mediated by symbolic systems, through instruments and signs. For Vygotsky (1998) , the signs are artificial incentives with the purpose of mnemonic aid; they work as middle ground for adaptation, driven by the individual's own control. A sign act as instruments of the psychological activity. They are auxiliary means to solve a given problem and they are guided internally. The function of an instrument is to serve as tool between the worker (in the case of this research, the student) and the object of his work, providing help in some activity; these are guided externally. Both have in common the mediation function.
Another fundamental concept in Vygotsky's theory is the Zone of Proximal Development (ZPD). In mentioning the ZPD, it is necessary to define which are the levels of the student's development: the Level of Real Development (LRD) refers to the functions that the student already possesses. The Level of Potential Development (LPD) determines the functions that a student can develop, through an adult's aid or from the collaboration of more experienced colleagues. ZPD is "the distance between the real level of development, determined by the capacity to solve a problem independently, and the level of potential development, determined by the resolution of a problem under an adult's orientation or in collaboration with other more capable students" (Vygotsky, 1998) . Besides these concepts, Vygotsky defends that cognitive functions happen first at the social level for later to happen at an individual level: firstly among people (inter-psychological) and, later, within the person (intra-psychological). The psychological abilities, in the same way, happen initially in social relationships (inter-mental) and afterwards within the child (intra-mental).
Pedagogical Agents
Since the 70's, with the arising of Intelligent Tutoring Systems, researchers in Computer Science in Education observed the necessity to use techniques from Artificial Intelligence to make educational systems more flexible and customised to their users. The collaborative approach to distance education has produced a great number of problems and activities where the technology of agents can employed, not only in assisting and monitoring the students, but also in providing information to the teacher.
Agents are stand-alone entities that have knowledge about themselves and about other agents in the society and, therefore, can collaborate with each other to reach a common objective in a shared environment (Shoham, 1997) (Jennings et al., 1998) (Wooldridge and Jennings, 1997) .
In this agent-oriented approach, the modular architecture of the system is substituted by a society of agents who work in a cooperative form using diverse techniques of Artificial Intelligence and integrated to an Intelligent Tutoring Systems (ITS). According to Viccari (1990) , ITS are programs that, interacting with the student, modify its knowledge through the capacity of learning and customise the learning strategies to the cognitive model of the students based on their actions. The main objective of these systems is to provide a suitable instruction to the student in terms of content and form.
An educational system that has learning strategies and that is formed by intelligent agents is called Pedagogical Agent. In these systems, agents can be used as personal assistant and as animated characters that interact with the user, or as cooperative agents who work in the background as part of the architecture of the educational system (Gürer, 1998) . The use of agents in the conception of educational systems has some advantages, such as the ability to react to the actions of the user, credibility, modelling of multi-user collaborative systems, modularity and "openness". In this way, as each agent is an independent component, it is easier to add other agents to the system (Giraffa, 1995) .
DESCRIPTION OF THE ENVIRONMENT
Five types of artificial agents are part of the architecture of the system -Diagnostic Agent, Mediating Agent, Collaboration Agent, Social Agent and Semiotic Agent. The human agents that interact with the artificial ones are learners and teachers. The Mediating Agent is an interface agent that is responsible for presenting pedagogical contents to the student. All information on user actions will be gathered by the Mediating Agent and sent to the Diagnostic Agent. The Diagnostic Agent updates the information in the student model and verifies, according to received data, if it is necessary to use a new educational tactic; in this case, it sends this information to the Mediating Agent. If this tactic is, for example, the presentation of an instructional content, the Mediating Agent makes a request to the Semiotic Agent. The Semiotic Agent searches the requested sign or instrument in the knowledge base (for example: contents, animations, videos) and sends them to the Mediating Agent for them to be shown to the student. When the Diagnostic Agent finds a deficiency in the student's learning and considers it would be interesting to perform an activity in group, it will make a request to the Social Agent. The Social Agent will create a Collaboration Agent and form a study group of students. The Collaboration Agent will monitor and mediate the interactions among them. There is a Diagnostic Agent and a Mediating Agent for each student, a Semiotic and Collaboration Agent for the whole society, and a Collaboration Agent for each group of students that has been formed.
Note that the tutoring system may function as an individual tutor, where the Mediating Agent presents pedagogical contents to the student in accordance to his/her profile and cognitive style, or as a facilitating system of collaboration, where the Collaboration Agent monitor and mediate the interaction among the students in a collaborative tool. The general architecture of the system can be seen in Figure 1 .
In this article, we shall focus on the system as a collaborative tool. In this case, the Collaboration Agent has an essential role; its function is to promote and to mediate the interactions of groups of students using communication tools (for example chat, discussion list, and distribution list). In such a way, it attends the students during the interactions, stimulating them when they look unmotivated, presenting new ideas and correcting wrong ones.
In the next sections, we describe the functionalities of each of the agents who are part of the proposed system. Later on, we describe the functionalities of the system as a collaborative tool. 
Diagnostic Agent
The system has Diagnostic Agents that are responsible for observing the real development of the students and for proposing activities which would make their real capacities (Real Development Level) as close as possible to the desired ones (Potential Development Level). As each of these agents monitors only one student, there is one Diagnostic Agent for each student. The Diagnostic Agent, based on Vygotsky's theory (1998), is responsible for stimulating those functions of the student that have still not matured, but are in a development process. A Diagnostic Agent can have functions such as: to vary the degree of control of the joint activities, to consider tasks gradually, or to modify the offered forms of help/support. In the Figure 2 , we can see the internal architecture of the Diagnostic Agent. In order to assist the student in the learning process, a Diagnostic Agent must have a student model, identifying his/her abilities and deficiencies, which is constructed by the observation of the student's interaction with other students and with instructional contents. This way, it is able to indicate how the student's cognitive abilities have expanded; it does so by having access and modifying this model.
Mediating Agent
The Mediating Agent is responsible for the interface between the system and the student. The main difference between a Mediating Agent and a Diagnostic Agent is that the first one carries through all the tasks of interface and communication with the user. The Diagnostic Agent, in turn, is responsible for the learning process (that is, the construction of the student's model), and for the identification of deficiencies in learning through the observation of the actions of the user.
Besides, the Mediating Agent must have access to the student's model, helping the prediction of the behaviour of that student. This allows for determining the best actions to be executed in order to assist in the student's learning process. This agent will be implemented as an animated pedagogical agent.
Semiotic Agent
For the Mediating Agent to fulfil its role, it is necessary the intervention in the students' interactions by means of external stimuli (like instruments and signs). The Semiotic Agent assists the cognitive activity of the student by introducing these elements, for example in order to help the student in solving a problem. For that purpose, the agent will use signs such as pictures, sounds, texts, and numbers.
The Semiotic Agent dynamically constructs a Web page to be presented to the student, showing pedagogical contents at increasing levels of difficulty when necessary. Moreover, it is also responsible for the feedback to the knowledge base, verification of the existence of links for future use, and it has rules for making decisions on which contents should be presented and how they should be presented.
The Semiotic Agent can also allow to the interactions among students and teachers. Although the Collaboration Agent is the one responsible for monitoring and mediating the interactions among students, the Semiotic Agent must make available the instruments for social interaction, such as e-mail tools, meeting scheduling, chat, and FAQ. Moreover, the Semiotic Agent can also record how long a student uses a certain contents page. In the Figure  3 , we present the architecture of the Semiotic Agent.
MediatingFigure 3: The Internal Architecture of the Semiotic Agent
Moreover, as the Semiotic Agent is responsible for constructing dynamically the contents page to be shown to the student, we can see it as an interface designer. The Semiotic Agent has the means to decide which signs fit better in each particular situation, since it is implemented as an intelligent agent and it has features such as autonomy, communication, adaptability and rationality. The control of this process of sign presentation is made by the Semiotic Agent, which searches for them in the domain database based on the pedagogical tactics specified by the Diagnostic Agent based on the information received from the Mediating Agent.
Collaboration Agent and Social Agent
The Social Agent searches for peers that are capable of assisting a student in his/her learning process and creates a Collaboration Agent for mediating the interaction among the students. The Collaboration Agent will monitor and mediate the interaction between students in collaborative communication tools (for example, chat, discussion list and bulletin boards). It attends the students during the interactions, stimulating them when they look unmotivated, presenting new ideas and correcting wrong ones. In the figure 4, we show the internal architecture of the Collaboration Agent.
During the interaction with the students in the collaborative tool, the Collaboration Agent interacts with the Diagnostic Agent to obtain new tactics to be used. In such a way, it must send the actions of the user, in this case, sent messages, so that the Diagnostic Agent decides which tactics must be carried out.
The Collaboration Agent interacts with the Semiotic Agent to get the pedagogical content. For example, the Collaboration Agent can check, in accordance with statistical analyses of the students' message, which students presented incorrect ideas. As the interactions progress, the Diagnostic Agent can decide if a more difficult subject can be presented. In that case, the Collaboration Agent requests that the Semiotic Agent sends certain contents at a more difficult level.
The Collaboration Agent updates the affective model of the student. It is responsible for obtaining the affective state of the student and updating the student model, in order to reply to the student with an appropriate emotional behaviour.
In collaborative learning, the group is an active entity; therefore, the system must contain information that refers to it as a whole. This information generates a group model, which is constructed and stored by the Collaboration Agent.
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DESCRIPTION OF THE COLLABORATIVE ENVIRONMENT
We can better understand the implementation of the collaborative approach through a scenario. Let us imagine a student, using his/her computer (at home or at work), connected to this system through the Internet. A Mediating Agent will be sent to the user's machine and it will monitor his/her activities. The Mediating Agent gathers the information with the student's profile.
The information gathered by the Mediating Agent is sent to the Diagnostic Agent. Initially, it will suggest the educational contents to be shown to the student. The Diagnostic Agent will suggest to the Mediating Agent a tactic to be used for the presentation of the proposed contents, based on the inferences on the student model. The Mediating Agent will send the request for new contents to the Semiotic Agent. The Semiotic Agent will send back to the student the actual contents page in HTML, which will be shown in the browser running on the student's computer.
When a Diagnostic Agent notices there is a problem with the student's learning for which it is necessary the intervention of other facilitators or other more capable colleagues and/or teachers, it will make a request to the Collaboration Agent. Then, the Collaboration Agent will invite certain students with a suitable profile to participate in an interaction by means of a collaborative tool, which can be a chat, a discussion list, or a bulletin board, for example. The Collaboration Agent will monitor the discussions among the students, stimulating them when they look unmotivated, presenting new ideas and correcting wrong ones. This agent will be connected to the collaborative tool, just as any another user of the system, which gives greater realism to it.
The information gathered by the Collaboration Agent during the interaction among the students will be stored in the group model, as well as in the individual student model if the information is on affective states. The information related to cognitive states will be sent to the Diagnostic Agent, which decides on what tactics should be used and updates the student model.
COLLABORATION AGENT IMPLEMENTATION
Due to its social function -to communicate with students, to promote and monitor the interaction among students -it would be interesting for the Collaboration Agent to have an interface that would allow it to exploit students' social nature. In fact, one of our main concerns is to better exploit the social potential of the students to improve their learning. Studies demonstrate that people interacting with animated characters learn to interact with other humans (Huard, 1998) . Therefore, we chose to represent it as an animated character who has a personality and which interacts with the student through messages in natural language.
Thus, as in human social interactions, the Collaboration Agent must be able to show and perceive emotional responses. Learning is a comprehensive process which does not simply consists of the transmission and learning of contents. A tutor (in this case, the Collaboration Agent) must promote the student's emotional and affective development, enhancing his/her self-confidence and a positive mood, ideal to learning. The way in which emotional disturbances affect mental life has been discussed in the literature (Goleman, 1995) . He recalls the well-known idea that depressed, bad-humoured and anxious students find greater difficulty in learning.
In order to interact with the student in an adequate way, the agent has to interpret his/her emotions correctly. Therefore, it is necessary for the Collaboration Agent to have not only a student's cognitive model, but also an affective one. We are going to use the student model proposed by (Bercht et al., 1999) , which considers affective states such as effort, self-confidence and independence.
In collaborative learning, the group is an active entity; therefore, the system must contain information that refers to the group as a whole. This information generates a group model, which is built and maintained by the Collaboration Agent. The Collaboration Agent can build the group model from the individual student models, which are obtained from the interactions between the students and their Mediating Agents, and updated by the Diagnostic Agents. The group model can also be obtained from the observation of the group as a whole.
Nevertheless, it is necessary to have in mind the responsibility associated with the use of affective agent architecture for interaction with the user, especially in education. Often we observe that agents have attitudes that are not suitable to students' mood (e.g., if an agent gets sad when the student could not carry out an exercise). This kind of attitude may generate a disturbed reaction in the student, making him/her more anxious and less self-confident. It is necessary to identify which behaviours are appropriate to promote a mood in the student that provides better learning conditions.
The Collaboration Agent will carry out the analysis of the students' conversations based on statistical methods, such as pattern matching, message categorisation and information retrieval (Soller, 2001) . The messages will be generated in natural language, using dialogue models and frames. This analysis will be based on the work in (Jaques & Oliveira, 1999; Jaques et al., 2000) .
CONCLUSIONS AND FUTURE WORK
One of the contributions of this paper is the possibility to apply elements of Vygotsky's theory (ZPD analysis, mediation through symbols) for computational learning systems. Beyond this contribution, the pedagogical agents will make the role of mediating (i.e., the Diagnostic, Mediating, and Collaboration Agents) or agents that give support to the mediation (i.e., the Semiotic and Social Agents), assisting in a more complex process carried out by the teacher inside an distance education environment.
From the point of view of the collaboration, the authors see in the use of social agents new promising perspectives to stimulate distance interaction and participation. The collaboration process begins when a student has difficulty in learning something or accomplishing some task. At this moment, the agents must apply adequate collaborative strategies.
This research, based on Vygotsky's theory (Vygotsky, 1998) , intends to be applied for groups of students of different cognitive levels. So, a more capable student can assist in the learning of another student with difficulties. Therefore, our analysis unit will be the group and not only the individual. The activities and tools must stimulate cooperation. This emphasis in the group model, grounded on cognitive and affective points of view, is one of the distinguishing features of this work. This model will be constructed from the analysis of the student's interactions through collaborative synchronous or asynchronous tools, observing elements such as leadership, participation, and autonomy.
